Impairment of mitochondrial bioenergetics and permeability transition induction caused by major long-chain fatty acids accumulating in VLCAD deficiency in skeletal muscle as potential pathomechanisms of myopathy.
cis-5-Tetradecenoic (cis-5) and myristic (Myr) acids predominantly accumulate in patients affected by very long-chain acyl-CoA dehydrogenase (VLCAD) deficiency. They commonly manifest myopathy with muscular pain and rhabdomyolysis, whose underlying mechanisms are poorly known. Thus, in the present study we investigated the effects of cis-5 and Myr on mitochondrial bioenergetics and Ca2+ homeostasis in rat skeletal muscle. cis-5 and Myr decreased ADP-stimulated (state 3) and CCCP-stimulated (uncoupled) respiration, especially when mitochondria were supported by NADH-linked as compared to FADH2-linked substrates. In contrast, these fatty acids increased resting respiration (state 4). Similar effects were observed in skeletal muscle fibers therefore validating the data obtained with isolated mitochondria. Furthermore, cis-5 and Myr markedly decreased mitochondrial membrane potential and Ca2+ retention capacity that were avoided by cyclosporin A plus ADP and ruthenium red, indicating that cis-5 and Myr induce mitochondrial permeability transition (MPT). Finally, docosanoic acid did not disturb mitochondrial homeostasis, indicating selective effects for Myr and cis-5. Taken together, our findings indicate that major long-chain fatty acids accumulating in VLCAD deficiency behave as metabolic inhibitors, uncouplers of oxidative phosphorylation and MPT inducers. It is presumed that these pathomechanisms contribute to the muscular symptoms and rhabdomyolysis observed in patients affected by VLCAD deficiency.